Abstract -The goals of this work were to present original liquid-liquid equilibrium data of the system containing glycerol + ethanol + ethyl biodiesel from fodder radish oil, including the individual distribution of each ethyl ester; to adjust binary parameters of the NRTL; to compare NRTL and UNIFAC-Dortmund in the LLE representation of the system containing glycerol; to simulate different mixer/settler flowsheets for biodiesel purification, evaluating the ratio water/biodiesel used. In thermodynamic modeling, the deviations between experimental data and calculated values were 0.97% and 3.6%, respectively, using NRTL and UNIFAC-Dortmund. After transesterification, with 3 moles of excess ethanol, removal of this component until a content equal to 0.08 before an ideal settling step allows a glycerol content lower than 0.02% in the ester-rich phase. Removal of ethanol, glycerol and water from biodiesel can be performed with countercurrent mixer/settler, using 0.27% of water in relation to the ester amount in the feed stream.
INTRODUCTION
The chemical transformation of lipid feedstock to biodiesel involves the transesterification of glyceride species with alcohol to alkyl esters (Lotero et al., 2005) . This is an equilibrium reaction in which the presence of a catalyst considerably accelerates adjustment of the equilibrium and, in order to achieve a high ester yield, the alcohol is used in excess (Schuchardt et al., 1998) . Alternatives to this process are enzymatic processes, requiring preferably low molar alcohol:oil ratios (Akoh et al., 2007) , acid catalysis and alcohols in supercritical conditions that use high molar alcohol:oil ratios ranging from 12:1 to 50:1 instead of 6:1 used in the traditional alkaline reaction (Sawangkeau et al., 2011; Zhang et al., 2003) . In addition to vegetable oils and fats, it is feasible to use several low cost byproducts from the oil chemical industry for biodiesel production, such as deodorizer fatty acid distillates, soapstocks and acid oils (PilotoRodriguez et al., 2014) .
The advantages of using ethanol in biodiesel production include higher miscibility with vegetable oils that allows better contact in the reaction step and lower toxicity. In addition, the use of ethanol in biodiesel synthesis is appealing because it is produced only from biorenewable sources (Encinar et al., 2002; Stamenkovik et al., 2011) . In recent years several different technologies have been considered to optimize ethyl biodiesel production (Valle et al., 2010; Kanitkar et al., 2011; Zhang et al., 2012) . Considering the oil source for biodiesel production, the chemical composition of fodder radish (Raphanus sativus) oil, its agricultural characteristics and ester physical properties make this oil an interesting alternative for biodiesel production (Domingos et al., 2008; Crusciol et al., 2005) .
After the transesterification reaction, glycerol is separated by settling or centrifuging, forming two different phases, an ester-rich phase (EP) and a glycerolrich phase (GP). In the sequence of this separation step, EP is purified before being used as a biofuel (Atadashi et al., 2011; Berrios and Skelton, 2008) . The biodiesel standards requirements for the final content of the three major compounds related to biodiesel synthesis and purification, glycerol, alcohol and water, are 0.02%, 0.2% and 0.05%, respectively.
Water washing is one of the first steps and the most common method for purification of the EP in the production of this biofuel (Saleh et al., 2011) . This process can reduce alcohol and free glycerol levels to contents lower than the biodiesel standard quality requirements and can be efficiently carried out at ambient temperature, because this is the most economical condition for biodiesel purification (Atadashi et al., 2011; Berrios and Skelton, 2008) . Other alternative methods such as biodiesel purification by cation-exchange resin and by ceramic membrane could not achieve the biodiesel standard requirements without an additional water washing process (Dias et al., 2014) . Glisic and Skala (2009) , studying the design and optimization of the purification procedure using water washing, observed that for complete removal of NaOH from the EP, a multistep water washing must be used. In the water washing step, two immiscible phases are formed, one EP and one water-rich phase (WP), where the alcohol distributes in both phases. The design analysis of this step must be judiciously performed since there is a phase inversion in which WP is found in the upper phase and EP in the lower phase, depending on the amount of ethanol in the system (Basso et al., 2014) . At the end of this process the residual water must be present at contents lower than 0.02%, and, for this purpose some author reporting the use of hydrogel adsovents (Fregolente et al., 2015) and other technics.
The knowledge of liquid-liquid equilibrium (LLE) in systems containing the major compounds involved in the synthesis and purification steps of biodiesel production is essential for proper design analysis and simulation of these steps. Pisarello et al. (2010) have studied LLE in the reacting systems involved in the acid catalysis for biodiesel production evaluating the influence of the composition on the phase splitting. Other research groups, studying LLE in the purification steps, have evaluated the LLE of systems containing alcohol, biodiesel or alkyl esters, glycerol or water (Liu et al., 2008; Beneti et al., 2010) , modeled them using thermodynamic models with association parameters (Barreau et al., 2010; Oliveira et al., 2011; Andreatta et al., 2008) or using classical thermodynamic molecular models (Mesquita et al., 2011; Casas et al., 2014) . In addition, some works compared molecular models with predictive models in relation to description of the LLE for this type of system (Lee et al., 2010) .
Despite the rise in this type of experimental data, there is little data on systems containing ethyl biodiesels with long chain esters, and only two works in the scientific literature have quantified the individual distribution of fatty acid alkyl esters in both phases (Basso et al., 2012; Basso et al., 2013) which really proves the pseudo-component concept in the LLE behavior for systems containing biodiesel and allows actual analysis of multi-component systems by group contribution models without additional assumptions. Furthermore, there is a lack of studies simulating the biodiesel purification steps using only adjusted parameters, which allows for much more reliable results than predictive models, the most commonly used models. Additionally, although sensitivity analysis is an interesting method to evaluate the impact of different stream compositions and process conditions in biodiesel production steps, it has not been used in the analysis of settling and washing water in ethyl biodiesel production in previous studies. Although it is known that liquid-liquid extraction processes in countercurrent are more efficient than in crosscurrent, there are no works in the literature quantifying the differences between them in biodiesel purification.
Therefore, the goals of this work are to present original LLE data for a system composed of glycerol + ethanol + fatty acid ethyl esters (FAEE) from fodder radish oil at 298.2 K, including the individual distribution of each ethyl ester; to adjust the parameters of the NRTL model from these data; to compare NRTL and UNIFAC-Dortmund (UNIFAC-DRTM) in the representation of the LLE of the system glycerol + ethanol + ethyl biodiesel from fodder radish oil; to describe the biodiesel purification steps by sensitivity analyses using the NRTL model in three different flowsheets, evaluating the water amount used to achieve the biodiesel standard requirements.
MATERIALS AND METHODS

Experimental Procedure
Material
The crude fodder radish oil was extracted from seeds supplied by Sementes Pirai (Piracicaba, SP, Brazil), using a pilot expeller, and filtered for the removal of fibers from the seeds.
Crude oil was neutralized with a sodium hydroxide solution prior to biodiesel production.
Glycerol (Sigma, > 0.99; water < 0.003), ethanol (Merck, > 0.999), methanol (J. T. Baker, 0.999), anhydrous sodium hydroxide (Carlo Erba, > 0.97), ethyl myristate (Tecnosyn, > 0.99) and glacial acetic acid (Ecibra, > 0.997) were used in the diverse stages of this work with no further purification.
Biodiesel Production
Biodiesel from fodder radish oil was produced using sodium hydroxide (1% in relation to vegetable oil weight) dissolved, prior to the reaction, in anhydrous ethanol agitated by a magnetic stirrer. The molar ratio oil:ethanol was 1:6, based on average molar mass of triacylglycerols in fodder radish oil. During 60 min the reagent mixture was kept under agitation at room temperature before being stopped by addition of glacial acetic acid. The resulting mixture was transferred to a separatory funnel for glycerol decanting and for washings (at least five) with hot deionized water until neutral pH. This product was dried under agitation, heating (333 K) and vacuum (5 mmHg).
Biodiesel was distilled, under vacuum of 2.25 mmHg and temperature of 508.15 K, for separation between fatty acid ethyl esters and possible residual impurities such as acylglycerols that had not reacted, according to the procedure reported by Basso et al. (2012) .
LLE Experiments
LLE data of the systems were determined using sealed headspace glass tubes (20 mL) (Perkin Elmer), according to the procedure developed by Basso et al. (2012) . Two clear layers and a well-defined interface were formed when the systems reached the equilibrium state, the upper layer being the EP, and the lower layer the GP.
Analytical Methodology
Ethyl biodiesel from fodder radish oil was previously characterized in triplicate to obtain the fatty acid ethyl ester profile using a Perkin Elmer gas chromatographic system, Clarus 600, FID detector, with a Agilent capillary column (crossbond, 50% cyanopropyl phenyl -50% dimethylpolysiloxane), length of 30 m, internal diameter of 0.25 mm and film thickness of 0.25 μm, using the analytical conditions described by Basso et al. (2012) .
Quantifications of glycerol, individual fatty acid ethyl esters and ethanol in each equilibrium phase were determined at least in triplicate using the same chromatographic system (including the column) used for the characterization of ethyl biodiesel. The analytical conditions were based on the methodology described by Basso et al. (2012) for this type of system. This methodology requires an intermediate polarity column, and several temperature and carrier gas flow ramps to separate the different component classes and the individual fatty acid ethyl esters.
Components of each chemical class in the LLE phases were quantified by different calibration curves.
Calculation Approach
Calculations of Deviations in The Mass Balance of the Phases
Validity of the equilibrium experiments was evaluated according to the procedure developed by Marcilla et al. (1995) and applied by Rodrigues et al. (2005) . In this procedure the sum of the calculated masses of both liquid phases is compared with the actual value for total mass used in the experiment. In this approach, independent component balances, totaling K balances, can be performed according to Equation (1): 
Calculation of Experimental Uncertainty
The uncertainty of experimental data for each component in each phase per tie line was calculated from the standard deviation of the mean from the total number of chromatographic injections for each experimental point, performed at least in triplicate, as:
where i,k X is the concentration of component i; n is the number of chromatographic injections and i X is the mean of the concentration.
The maximum combined uncertainty, used as reference for the uncertainty of the experimental data in this work, was obtained from the maximum value of the combined uncertainty calculated for each phase per tie line considering the concentrations of glycerol, ethanol and biodiesel in each experimental point as: 
Thermodynamic Modeling
The experimental data measured for the system glycerol (1) + ethanol (2) + FAEE from fodder radish oil (3) presented in this work were used to adjust binary interaction parameters for the NRTL and the experimental data presented by Basso et al. (2014) for the system water (4) + ethanol (2) + FAEE from fodder radish oil (3) were used to readjust binary interaction parameters for the same model for use in the simulation of biodiesel purification by sensitivity analyses. The sets of parameters were used in the commercial simulator software AspenPlus (Aspen Technology). The ethyl esters were considered individually using the UNIFAC-Dortmund model (UNIFAC-DRTM). When the NRTL model was used, the mixture of fatty acid ethyl esters was treated as a single ethyl ester with a molecular structure that presents the average molar mass of the ethyl ester mixture. In the assembly of the hypothetical molecule structure, the number of each group, obtained according to UNIFAC groups present in each ethyl ester molecule, was weighted by its molar fraction and rounded to the closest integer number. Thus, adjustments were made considering the systems as pseudo-ternary. All binary interaction parameters were adjusted to the experimental data.
The mass fraction (w) was used as a composition unit due to the differences in molar masses of the system components (Oish and Prausnitz, 1978) . In this way, the isoactivity criterion of the LLE developed on a molar fraction basis can be expressed on a mass fraction basis as:
where:
where: i x is the molar fraction of component i; i  is the activity coefficient of component i;
 is the corresponding activity coefficient expressed on the mass fraction scale; and i w and i M are the mass fraction and molar mass, respectively, of component i.
Estimation of the NRTL parameters was obtained by an algorithm developed in the FORTRAN programming language. This algorithm uses the modified simplex method applied to the objective function of composition (Equation (8)) to estimate thermodynamic parameters. The procedure for calculation of parameters involves flash calculations for the midpoint composition of the experimental tie lines, according to the procedure developed by Stragevitch and d'Avila (1997) .
where D is the is the total number of data systems; N is the total number of tie lines; K is the total number of components in the data system; w is the mass fraction; subscripts i, n and m are the component, tie line and system number, respectively; exp and calc represent, respectively, the experimental and calculated composition; and σ is the standard deviation observed for the composition of each phase.
The parameters of the UNIFAC-DRTM model were tested, using the software AspenPlus (Aspen Technology), in the prediction of the LLE of the system composed of glycerol (1) + ethanol (2) + FAEE from fodder radish oil (3).
The average deviations between the experimental and calculated compositions in both phases were calculated according to Equation (9).
Simulation and Sensitivity Analyses
In the simulation of biodiesel purification, only the NRTL binary interaction parameters obtained from experimental data were used. Considering the components glycerol (1), ethanol (2), FAEE from fodder radish oil (3) and water (4), the NRTL binary parameters for component pairs (12), (13) and (23) were obtained from the original experimental data presented in this work; the NRTL binary parameters for component pairs (24) and (34) were readjusted in this work from data presented by Basso et al. (2014) ; and the NRTL binary parameters for component pair (14) were obtained by Krishna et al. (1989) .
The simulation was performed considering a complete conversion of triacylglycerols to fatty acids ethyl esters, with no production of residual soaps, intending to remove the excess of ethanol and residual glycerol. This approach was used because systems containing FAEE + ethanol + glycerol or water are the most common systems formed in ethyl biodiesel production, regardless of the raw material, process and catalyst (enzymes, chemical homogeneous or chemical heterogeneous) used. In addition, there is a technical impossibility to obtain LLE experimental data, including individual partitioning of ethyl esters, and to adjust all binary interaction parameters for the NRTL model considering each minority compound possibly formed in biodiesel production.
The sensitivity analyses were performed using the simulation software AspenPlus (Aspen Technology), always considering a final molar ratio between glycerol:FAEE of 1:3 immediately after transesterification. In those analyses, three different flowsheets for biodiesel water washing were simulated, as shown in Figure 1 . In all simulations, the first settler (SET-A) was dedicated to separation of the glycerol-rich stream, a step common to the three propositions. In the first proposition, the biodiesel water washing step is composed of only one mixer/settler unit, MIX-B and SET-B in Flowsheet I. In the second proposition, one more mixer/settler unit (MIX-C and SET-C) was added to the biodiesel washing step, resulting in a purification system with two pure water streams in crosscurrent flow (Flowsheet II). In the last one, two mixer/settler units are utilized in a countercurrent arrangement with the pure water stream (WTR) fed in mixer C (MIX-C). Components i = 1, 2, 3 and 4 correspond, in this order, to glycerol, ethanol, FAEE and water. In the acronym representation, (M / M ) because this stream was never changed in the different simulations performed, which provided a constant reference value.
In Flowsheet (I), two different processes were simulated. In the glycerol separation step, performed in the SET-A unit, the composition of ethanol and glycerol in the ester-rich stream, respectively was equal to 0.12, a value corresponding to 3 moles of excess ethanol from a previous hypothetical transesterification reaction.
In Flowsheet (II), taking into account a crosscurrent water washing process performed in two stages and 3 moles of excess ethanol from the transesterification reaction, the water mass flow requirement in stream WTR-C was evaluated as a function of the water mass flow requirement in stream WTR-B to obtain EP C 2 w  lower than 0.002. Similarly, the total water mass flow, given by the sum of water mass flows in streams WTR-B and WTR-C, was evaluated as a function of In Flowsheet (III), considering a countecurrent biodiesel water washing process, the water requirement in stream WTR-C to obtain EP C 2 w  lower than 0.002 was evaluated as a function of different ethanol contents in the FEED stream until M /M were evaluated to estimate how different water contents added to the process affect ethanol removal from the system under study.
RESULTS AND DISCUSSION
Biodiesel from fodder radish oil is characterized by ethyl oleate (C20H38O2) as the main ester and large quantities of ethyl linoleate (C20H36O2), ethyl linolenate (C20H34O2), eicosenoic acid ethyl ester (C22H42O2) and ethyl erucate (C24H46O2), as shown in Table 1 . Its composition is very heterogeneous, containing ethyl esters with up to eight carbon atoms of difference and presenting more than 70% of saturated or monounsaturated esters. This ester profile showed lower values of diunsaturated and triunsaturated esters compared to those found for biodiesel from soybean and sunflower oils, two important vegetable oils produced worldwide, resulting in a biodiesel with good oxidative stability. In addition, the saturated ester content lower than 10% allows the use of biodiesel at low temperatures since there is no formation of solid material as in biofuels with high contents of saturated esters like those produced from palm, babassu and coconut oils. From the ester composition, the average molar mass of FAEE from fodder radish oil was 316.63 Table 2 shows the individual ethyl ester composition in each phase per tie line. The maximum deviation between the average molar mass of FAEE per tie line and the hypothetical molecule molar mass was 1.46%. This lower deviation indicates adequacy of the pseudo-component approach for this system, since there was not a considerable difference in the individual partition of ethyl esters between GP and EP. This approach allows for modeling of the LLE of this type of system by NRTL, or other molecular model, since it is possible to reduce the number of parameters to be adjusted.
The LLE data for the pseudo-ternary system glycerol (1) + ethanol (2) + FAEE from fodder radish oil (3) are shown in Table 3 . The maximum deviation in mass balance per tie line is 0.45%, with average deviation equal to 0.19%. This low deviation indicates the good quality of experimental data, since the total mass measured in the overall composition was very similar to the sum of the calculated masses of the phases. The adjusted/readjusted NRTL parameters used in all simulations are presented in Table 4 . NRTL binary interaction parameters for the components water and glycerol were obtained directly from the literature (Krishna et al., 1989) . Average deviation between experimental and calculated values for readjustment of the NRTL binary parameters for the system ethanol (2) + FAEE from fodder radish oil (3) + water (4), presented by Basso et al. (2014) , calculated according to Equation (9) was 1.22%, and the maximum deviation per tie line was 2.35%, showing a proper description of the experimental data by the molecular thermodynamic model. (2), FAEE from fodder radish oil (3), water (4) b binary parameters obtained from the literature (Krishna et al. 1989) .
The average deviation between experimental and calculated values using the NRTL model for the system glycerol (1) + ethanol (2) + FAEE from fodder radish oil (3), calculated according to Equation (9), was 0.97%, and the maximum deviation per tie line was 1.48%. Both tie lines with high ethanol composition presented higher deviation with the NRTL model, underestimating the FAEE content in GP, while the deviations for other tie lines were less than 0.91%. It can be observed from Figure 2 that the thermodynamic model underestimated ethanol composition in the GP close to the plait point, describing a slightly smaller phase separation region than that indicated by the experimental data.
The miscibility between FAEE and glycerol is very low, showing strong dependence of the ethanol mass fraction on the overall composition. Ethanol is distributed in both phases, having greater affinity for the glycerol-rich one, as shown for the tie line slopes.
In spite of the characteristic and heterogeneous composition of FAEE from fodder radish oil, there is no considerable difference between the LLE behavior of this system and those containing glycerol + ethanol + FAEE from macauba pulp or crambe oils (Basso et al., 2012; Basso et al., 2013) . This similarity is observed for the maximum ethanol content allowing phase splitting (about 60%), the tendencies of tie lines slopes, the biphasic region, the composition of the calculated plait points and the low difference among the individual ester distributions between the phases. These characteristics indicate a similar behavior for the glycerol settling step during the production of these biofuels. In addition to these works, Oliveira et al. (2011) also obtained similar LLE behavior for the maximum ethanol mass fraction, tendencies for tie line slope and biphasic separation region, studying systems composed of glycerol + ethanol + ethyl biodiesel from canola oil.
Although data for the LLE of systems containing methanol + glycerol + esters from fodder radish oil are scarce, it is possible to compare the effect of alcohol type used in the study of LLE behavior for other biodiesels and/or esters. Studying LLE behavior of systems composed of glycerol + biodiesel from soybean oil + methanol or ethanol, da reported a larger phase separation region for the system containing methanol at the same temperature. Comparing the data obtained by Andreatta et al. (2008) and Andreatta (2012) studying the LLE of systems composed of glycerol + methyl oleate + methanol or ethanol, respectively, at 333 K, a larger biphasic region was also observed for the system containing methanol. This behavior probably could be associated with the higher polarity of methanol compared to ethanol, resulting in lower affinity for the alkyl esters, especially when glycerol is present in the systems.
The greater miscibility between ethanol and FAEE compared to methanol, observed from the lower biphasic region, hampers the glycerol settling step because there is excess ethanol at the transesterification offset. On the other hand, the miscibility of ethanol with vegetable oils is greater than methanol, promoting better contact between those compounds at the initial stages of the transesterification reaction and, consequently, favoring the reaction onset. Deviations between experimental data and UNIFAC-DRTM calculated values ranged from 1.3% and 6.2%, with the higher deviations at high ethanol contents (Figure 2 ). The region of phase separation was greatly overestimated by the model. Ethanol mass fractions were overestimated in GP, mainly in the region near the plait point, with high ethanol content, and underestimated in EP. The average deviation between experimental and calculated mass fractions was 3.6%, higher than 2.8% obtained at the same temperature for the system containing FAEE from macauba pulp oil (Basso et al., 2013) . From these results, it is possible to state that UNIFAC-DRTM predicts improperly the LLE of ethyl biodiesels in their purification steps. In this way, simulation of these steps in biodiesel production must be judiciously evaluated due to the high deviations obtained when compared to the molecular models using adjusted parameters.
In the first settling step of biodiesel purification, when glycerol is separated from the system, the relation between ethanol mass fraction in the FEED stream w is equal to 0.08, before an ideal settling step, permits a glycerol content in the ester-rich stream lower than 0.02%, the biodiesel standard requirement, without an additional purification step to remove this component.
The water amount required, given by
, for removing ethanol from stream EP-B to levels lower than 0.2% (biodiesel standard requirement), has a direct linear relationship with the increase of ethanol in the FEED stream, as observed in Figure 3b . After the separation of GP by settling (SET-A), considering the water washing using one mixer/settler stage (Flowsheet I) and 3 moles of excess ethanol in the FEED stream FEED 2 0 (w ) .12  , the water requirement for removing ethanol from the EP-B stream to levels lower than 0.2% is about 2.12 times the mass flow of FAEE from fodder radish in the FEED stream.
In the water washing step, taking into account 3 moles of excess ethanol in the FEED stream, and using two sets of mixer/settler units in crosscurrent with two water streams (Flowsheet II), the decreasing of the water requirement in stream WTR-C, (M / M )  to achieve 0.2% of ethanol in the EP-C stream, showed a parabolic behavior, as described in Figure 4 . This behavior is due to the sum effect characteristic of the crosscurrent configuration because an increase in water used in WTR-B results in a decrease in the water required in WTR-C for the reduction of the ethanol content in the ester-rich stream. The minimum water requirement to achieve 0.2% of ethanol in EP-C occurred using similar ratios of M /M required to remove ethanol from the system to an ethanol content in EP-C lower than that specified in the biodiesel standard requirements was about 0.27, almost half of the total water mass flow used in the crosscurrent flowsheet. In the countercurrent purification process, the water content in the last biodiesel-rich stream (EP-C), was lower than 0.02%, also meeting the biodiesel standard requirement. The decrease of Although processes using two stages need greater initial investments due to the costs with equipment and industrial piping, the advantages in terms of water savings for the countercurrent flowsheet, using less than one eighth (0.27/2.12) of the water required for the one-stage flowsheet, makes this process economically and ecologically very interesting.
The LLE behavior of the systems composed of ethanol + water + FAEE from fodder radish oil presented great similarity with those containing FAEE from macauba pulp or crambe oil at 298 K, according to data reported by Basso et al. (2014) . Because the glycerol content is low (0.0007 in mass fraction) after the first settling step, the results of sensitivity analysis of the biodiesel washing step can be correlated to the LLE behavior of systems composed only of ethanol + water + FAEE. Considering the similarity among the LLE behavior of the systems related to the glycerol decanting step (glycerol + ethanol + FAEE) and biodiesel washing step (water + ethanol + FAEE) for biodiesels from macauba pulp, crambe and fodder radish oils, it is possible to assume that the results of the sensitivity analyses performed for the set of systems containing the three biodiesels would be relatively similar.
The results obtained in this work are also useful for the study of the purification steps of other systems composed of glycerol + ethanol + FAEE and of water + ethanol + FAEE presenting similar LLE behavior.
CONCLUSIONS
The individual distribution of fatty acid ethyl esters is similar in EP and GP with maximum deviation of 1.46%. The NRTL model properly described the system containing glycerol, with adeviation less than 1.0%. Partial removal of ethanol from the system until w2 is equal to 0.08 before an ideal settling step allows a glycerol content lower than 0.02% in the EP, without additional purification. One mixer/settler unit and two mixer/settler units in crosscurrent and countercurrent, after the glycerol removal step, resulted in the minimum water requirement, given by (st101) wtr 3 M /M of, respectively, 2.12, 0.51 and 0.27 to achieve the final ethanol and water contents specified by the biodiesel standard requirements. The simulation of biodiesel purification applying sensitivity analysis, using only adjusted parameters, allows for a complete optimization of the steps involved in the process. 
